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$EVWUDFW
:LWKWKHUDSLGJURZWKLQHOHFWULFLW\GHPDQGLWKDVEHHQUHFRJQL]HGWKDW(OHFWULFDO(QHUJ\6WRUDJH((6FDQEULQJ
QXPHURXV EHQHILWV WR SRZHU V\VWHP RSHUDWLRQ DQG HQHUJ\ PDQDJHPHQW $ORQJVLGH 3XPSHG +\GURHOHFWULF 6WRUDJH
3+6 &RPSUHVVHG $LU (QHUJ\ 6WRUDJH &$(6 LV RQH RI WKH FRPPHUFLDOL]HG ((6 WHFKQRORJLHV LQ ODUJHVFDOH
DYDLODEOH)XUWKHUPRUHWKHQHZDGYDQFHVLQDGLDEDWLF&$(6LQWHJUDWHGZLWKUHQHZDEOHHQHUJ\SRZHUJHQHUDWLRQFDQ
SURYLGH D SURPLVLQJ DSSURDFK WR DFKLHYLQJ ORZFDUERQ WDUJHWV7KH VPDOOVFDOH&$(6 IDFLOLWLHV DUH DOVR DWWUDFWLQJ
DWWHQWLRQIRUPRUHIOH[LEOHSRZHUV\VWHPDSSOLFDWLRQV7KLVSDSHUZLOOSUHVHQWDQRYHUYLHZRIGLIIHUHQWW\SHVRIPXOWL
VFDOH&$(6LQFOXGLQJWKHLUZRUNLQJSULQFLSOHVFXUUHQWGHYHORSPHQWW\SLFDOWHFKQLFDODQGHFRQRPLFFKDUDFWHULVWLFV
H[LVWLQJIDFLOLWLHVDSSOLFDWLRQSRWHQWLDOVFKDOOHQJHVDQGLVVXHVDVVRFLDWHGZLWKWKHIXWXUHGHYHORSPHQWRI&$(6

.H\ZRUGVFRPSUHVVHGDLUHQHUJ\VWRUDJHRYHUYLHZODUJHDQGVPDOOVFDOHDSSOLFDWLRQDUHDWHFKQLFDODQGHFRQRPLFFKDUDFWHULVWLFV
,QWURGXFWLRQ
(OHFWULFDO(QHUJ\6WRUDJH ((6KDV ORQJEHHQFRQVLGHUHGDVFUXFLDOPHFKDQLVP IRUHQVXULQJSRZHU
V\VWHPRSHUDWLRQVWDELOLW\DQGUHOLDELOLW\,QSDUWLFXODULWKDVUHFHQWO\DWWUDFWHGPRUHDWWHQWLRQVGXHWRWKH
UDSLGO\ LQFUHDVLQJ UHQHZDEOH SRZHU JHQHUDWLRQ 3XPSHG +\GURHOHFWULF 6WRUDJH 3+6 LV DQ ((6
WHFKQRORJ\ZLWKKLJKWHFKQLFDOPDWXULW\DQGODUJHHQHUJ\FDSDFLW\:LWKDQLQVWDOOHGFDSDFLW\RI
*:LQ3+6UHSUHVHQWVDURXQGZRUOGZLGHEXONVWRUDJHFDSDFLW\>@,QDGGLWLRQWR3+6
&$(6LVDQRWKHUW\SHRIFRPPHUFLDOL]HG((6WHFKQRORJ\ZKLFKFDQSURYLGHDERYH0:RISRZHU
RXWSXWYLDDVLQJOHXQLWDVZHOODVKDYLQJEXONHQHUJ\VWRUDJHFDSDFLW\>@&$(6RSHUDWHVLQWKHZD\RI
VWRULQJ HQHUJ\ LQ WKH IRUPRI KLJKSUHVVXUH FRPSUHVVHG DLU GXULQJ WKHSHULRGVRI ORZ HOHFWULFDO HQHUJ\
GHPDQGDQGWKHQUHOHDVLQJWKHVWRUHGFRPSUHVVHGDLUHQHUJ\WRJHQHUDWHHOHFWULFLW\WRPHHWKLJKGHPDQG
GXULQJ WKHSHDN WLPHSHULRGV&$(6FDQEHEXLOW WRKDYH WKHVFDOHV IURPVPDOO WR ODUJHDQG WKHVWRUDJH
GXUDWLRQVIURPVKRUWWRORQJZLWKPRGHUDWHUHVSRQVHWLPHDQGJRRGSDUWORDGSHUIRUPDQFHLQFRPSDULVRQ

&RUUHVSRQGLQJDXWKRU7HOID[
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604   Xing Luo et al. /  Energy Procedia  62 ( 2014 )  603 – 611 
ZLWKRWKHU((6WHFKQRORJLHV$&$(6LQVWDOODWLRQUHIHUVWRDV\VWHPZKLFKLQWHJUDWHVGLIIHUHQWLQWHUDFWLQJ
FRPSRQHQWV GHYLFHV DQG SURFHVVHV VXFK DV FRPSUHVVRUV WXUELQHV H[SDQGHUV DQG HOHFWULFDO PDFKLQHV
&$(6 FDQ FRPELQHZLWK DOWHUQDWLYH((6 WHFKQRORJLHV WR DFKLHYH WKH UHTXLUHG HQHUJ\ FDSDFLW\ HQHUJ\
GHQVLW\UHVSRQVHWLPHRUHIILFLHQF\
1RZDGD\VGLIIHUHQWW\SHVRI&$(6WHFKQRORJLHVKDYHEHHQFRPPHUFLDOL]HGRUDUHXQGHUGHYHORSPHQW
7KLV FDQPDNH WKHGLIILFXOW\ WR HYDOXDWH WKH FXUUHQW VWDWH RI WKLV LPSRUWDQW((6 WHFKQRORJ\7KHSDSHU
DLPVWRSURYLGHDQXSGDWHGSLFWXUHRIWKHVWDWXVRI&$(6WHFKQRORJ\WRVXSSRUWWKHUHOHYDQW5	'LQERWK
DFDGHPLDDQG LQGXVWU\ ,W VWDUWVZLWK WKH LQWURGXFWLRQRIZRUNLQJSULQFLSOHVRIGLIIHUHQW W\SHVRI&$(6
DQGWKHQRYHUYLHZVWKH&$(6WHFKQLFDODQGHFRQRPLFFKDUDFWHULVWLFVFRPPHUFLDOL]HGIDFLOLWLHVWKHVWDWH
RIWKHDUWDSSOLFDWLRQSRWHQWLDOVDQGFKDOOHQJHVDVVRFLDWHGZLWKWKHIXWXUHGHYHORSPHQW
:RUNLQJ3ULQFLSOHVRI&$(6

)LJ6FKHPDWLFGLDJUDPRIDFRQYHQWLRQDOFRPSUHVVHGDLUHQHUJ\VWRUDJHV\VWHP

7KH ZRUNLQJ SURFHVV RI D WUDGLWLRQDO ODUJHVFDOH &$(6 SODQW LV GHVFULEHG DV IROORZV 'XULQJ WKH
FRPSUHVVLRQPRGH WKH VXUSOXV HOHFWULFLW\ LV XVHG WR UXQ D FKDLQ RI FRPSUHVVRUV WR LQMHFW WKH DLU LQWR D
VWRUDJHUHVHUYRLUQRUPDOO\DQXQGHUJURXQGFDYHUQIRUODUJHVFDOH&$(67KHFRPSUHVVHGDLULVVWRUHGDW
DKLJKSUHVVXUHDQGDWWKHWHPSHUDWXUHRIWKHVXUURXQGLQJIRUPDWLRQ6XFKDFRPSUHVVLRQSURFHVVFDQXVH
FRROHUV WR UHGXFH WKH ZRUNLQJ WHPSHUDWXUH RI WKH LQMHFWHG DLU DQG WKXV WR LPSURYH WKH FRPSUHVVLRQ
HIILFLHQF\)LJ>@'XULQJWKHH[SDQVLRQPRGH WKHVWRUHGKLJKSUHVVXUHFRPSUHVVHGDLU LVUHOHDVHG
KHDWHG DQG WKHQ H[SDQGHG WKURXJK D JURXS RI WXUELQHV ZKLFK LQFOXGHV JDV WXUELQHV DQG VRPHWLPHV
VWHDPWXUELQHV>@7KHFRPEXVWLRQSURFHVVLQWKHJDVWXUELQHZLWKWKHPL[HGFRPSUHVVHGDLUDQG
IXHOW\SLFDOO\QDWXUDOJDVRFFXUVLQWKHFRPEXVWLRQFKDPEHURIWXUELQHV7KHWXUELQHVDUHFRQQHFWHGWR
DQHOHFWULFDOJHQHUDWRUWRJHQHUDWHHOHFWULFLW\)LJ7KHZDVWHKHDWRIWKHRYHUDOOV\VWHPH[KDXVWFDQEH
UHF\FOHGEHIRUHLWLVUHOHDVHGLQWRDWPRVSKHUH>@7KHPDLQIHDWXUHRIFRQYHQWLRQDOODUJHVFDOH&$(6
SODQWV LV WKDW LW LQYROYHV FRPEXVWLQJ IRVVLO IXHOV YLD JDV WXUELQHV UHVXOWLQJ LQ&2 HPLVVLRQV%RWK WKH
FRPPHUFLDOL]HG+XQWRUI 0:DQG WKH0F,QWRVK 0:SODQWVZHUH LPSOHPHQWHG WKURXJK WKH
FRQYHQWLRQDO&$(6WHFKQRORJ\>@
:LWK WKH GHYHORSPHQW RI WHFKQRORJ\ VHYHUDO LPSURYHPHQWV DQG DGYDQFHG FRQFHSWV WR ODUJHVFDOH
&$(6 KDYH EHHQ SURSRVHG $PRQJ WKHVH FRQFHSWV WKH PRVW SURPLVLQJ &$(6 VFKHPH LV $GYDQFHG
$GLDEDWLF &$(6 $$&$(6 :KHQ WKH $$&$(6 V\VWHP LV RSHUDWHG DW WKH H[SDQVLRQ PRGH E\
LQWHJUDWLQJD7KHUPDO(QHUJ\6WRUDJH7(6V\VWHPWKHHQHUJ\VWRUHGLQWKHFRPSUHVVHGDLULVFRQYHUWHG
LQWR WKH HOHFWULFDO SRZHU RXWSXW ZLWKRXW D FRPEXVWLRQ SURFHVV LQYROYHG )LJ  7KXV WKH VLJQLILFDQW
EHQHILWRI$$&$(6V\VWHPVLV]HURFDUERQHPLVVLRQVDVVXPLQJWKDWWKHHOHFWULFLW\IRUWKHFRPSUHVVLRQ
PRGHLVDOVRIURP]HURFDUERQHQHUJ\VRXUFHV7KHSURFHVVHVRIFRROLQJDLUIORZWKURXJKFRPSUHVVRUVDQG
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WKH KHDWLQJ RI LQSXW DLUIORZ WR HDFK WXUELQH DUH FRPSOHWHG E\ XVLQJ WKH KHDW H[FKDQJHUV )LJ 
7KHRUHWLFDOO\WKHRYHUDOOURXQGWULSHIILFLHQF\RI$$&$(6LVKLJKHUWKDQWKDWRIWKHFRQYHQWLRQDO&$(6
WHFKQRORJ\EHFDXVH$$&$(6V\VWHPVUHXVHWKHKHDWJHQHUDWHGIURPWKHFRPSUHVVLRQSURFHVV>@


)LJ6FKHPDWLFOD\RXWRIDQ$$&$(6SODQW>@

5HFHQWO\ D UDQJH RI VPDOOVFDOH ((6 SURGXFWV QRUPDOO\ IURP D IHZ N: OHYHO WR DURXQG 0:
LQFRUSRUDWLQJ&$(6 KDYH EHHQ GHYHORSHG:LWK WKH K\EULG FRQQHFWLRQ WR FDSDFLWRUVVXSHUFDSDFLWRUV WR
EULGJLQJ WKH WUDQVLHQW UHVSRQVHV VPDOOVFDOH &$(6 DSSHDUHG LQ WKH PDUNHW DV DQ DOWHUQDWLYH WR WKH
UHFKDUJHDEOHEDWWHU\IRUYDULRXVDSSOLFDWLRQV$VPDOOVFDOH&$(6IDFLOLW\FDQXVHRYHUJURXQGF\OLQGHUV
ZLWK VXLWDEOHGLPHQVLRQVDVDVWRUDJH IDFLOLW\7KHVWRUHGKLJKSUHVVXUHFRPSUHVVHGDLUFDQEHREWDLQHG
IURP DQ RQVLWH FRPSUHVVLRQ IDFLOLW\ RU GHOLYHUHG WR WKH VLWH LQ WKH IRUPRI SUHILOOHG KLJKSUHVVXUH DLU
F\OLQGHUV 7KH DLU WXUELQHH[SDQGHU XVHG WR GULYH DQ HOHFWULFDO JHQHUDWRU LV WKH NH\ FRPSRQHQW LQ VXFK
VPDOOVFDOH&$(6IDFLOLWLHVZKLFKUHTXLUHKLJKHIILFLHQF\IDVWUHVSRQVHDQGORZIUHHPDLQWHQDQFH
,QDGGLWLRQ/LTXLG$LU(QHUJ\6WRUDJH/$(6FDQEHFRQVLGHUHGDVDYDULDQWRI&$(6EHFDXVHPDQ\
FRPSRQHQWVLQD/$(6V\VWHPDUHDOVRUHTXLUHGE\&$(6DQGWKH\KDYHVRPHVLPLODUVXESURFHVVHV7KH
ZRUNLQJSURFHVVRI/$(6LVDQHOHFWULFDOPDFKLQHLVXVHGWRGULYHDQDLUOLTXHILHUDQGWKHUHVXOWDQWOLTXLG
DLULVVWRUHGLQDQLQVXODWHGWDQNDWDWPRVSKHULFSUHVVXUHZKHQHOHFWULFDOHQHUJ\LVUHTXLUHGWKHOLTXLGDLU
LV UHOHDVHG DQG SXPSHG WR KLJK SUHVVXUH LQ LWV OLTXLG VWDWH WKHQ YDSRXULVHG DQG KHDWHG WR WKH DPELHQW
WHPSHUDWXUHILQDOO\WKHUHVXOWDQWKLJKSUHVVXUHJDVHRXVDLULVXVHGWRGULYHDFRPELQDWLRQRIDWXUELQHDQG
DQDOWHUQDWRUWRJHQHUDWHHOHFWULFLW\>@
&RPPHUFLDOL]HG&$(6)DFLOLWLHV
7KH ZRUOG¶V ILUVW XWLOLW\VFDOH &$(6 SODQW ZDV LQVWDOOHG DQG FRPPLVVLRQHG E\ %URZQ %RYHUL DW
+XQWRUI*HUPDQ\ LQ >@ ,WZDVGHVLJQHG WRSURYLGHD ORDG IROORZLQJVHUYLFHDQG WRPHHW WKH
SHDNGHPDQGZKLOVWPDLQWDLQLQJDFRQVWDQWFDSDFLW\IDFWRULQWKHQXFOHDUSRZHULQGXVWU\>@$IWHULWV
RSHUDWLRQ LWV IXQFWLRQDOLW\ KDV EHHQ XSGDWHG WR EXIIHULQJ DJDLQVW WKH LQWHUPLWWHQFH RI ZLQG HQHUJ\
SURGXFWLRQ LQ1RUWKHUQ*HUPDQ\>@7KH+XQWRUI&$(6SODQWHPSOR\V WZRVDOWGRPHFDYHUQV WRVWRUH
FRPSUHVVHG DLU ZKLFK RSHUDWHV DW D KLJK SUHVVXUH UDQJH EHWZHHQ 03D DQG 03D >@ 8QGHU
ZRUNLQJFRQGLWLRQVWKHSODQWUXQVLQDGDLO\F\FOHZLWKKRXUVRIFRPSUHVVHGDLUFKDUJLQJDQGKRXUVRI
H[SDQVLRQRSHUDWLRQDWDUDWHGSRZHURI0:>@,WKDVEHHQUHSRUWHGWKDWWKHSODQWKDVRSHUDWHGLQ
JRRGFRQGLWLRQDQGKDVFRQVLVWHQWO\VKRZQH[FHOOHQWSHUIRUPDQFHZLWKDYDLODELOLW\DQGVWDUWLQJ
UHOLDELOLW\>@7KHURXQGWULSHIILFLHQF\RIWKLVSODQWLVDERXW>@
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$QRWKHUFRPPHUFLDOL]HG ODUJHVFDOH&$(6 IDFLOLW\ VWDUWHGRSHUDWLRQ LQ0F,QWRVK$ODEDPD86 LQ
>@7KH0:SODQWLVFDSDEOHRIFRQWLQXRXVO\GHOLYHULQJLWVIXOOSRZHURXWSXWIRUXSWRKRXUV
7KHSODQWLVXVHGWRVWRUHRIISHDNSRZHUJHQHUDWHSHDNSRZHUDQGSURYLGHVSLQQLQJUHVHUYHV>@7KH
SODQWXWLOLVHVDVLQJOHVDOWGRPHFDYHUQWRVWRUHWKHFRPSUHVVHGDLULQWKHUDQJHRI03DWR03D>
@7KHPDMRULPSURYHPHQWLQFRPSDULVRQZLWKWKH+XQWRUISODQWLVWKDWWKH0F,QWRVKIDFLOLW\HPSOR\VD
KHDWUHFXSHUDWRUWRUHXVHSDUWRIWKHKHDWHQHUJ\IURPWKHH[KDXVWRIWKHJDVWXUELQHVHFWLRQ7KLVUHGXFHV
WKH IXHOFRQVXPSWLRQE\DQG LPSURYHV WKHF\FOHHIILFLHQF\ IURPaWRa>@2YHU WKH
RSHUDWLRQIURPWR WKHSODQWKDVPDLQWDLQHGDQDYHUDJHVWDUWLQJUHOLDELOLW\RIEHWZHHQ
DQGDQGDQDYHUDJHUXQQLQJUHOLDELOLW\RIDQGIRU WKHJHQHUDWLRQDQGFRPSUHVVLRQ
VHFWLRQUHVSHFWLYHO\>@
7KHK\EULG&RPSUHVVHG$LU%DWWHU\&$%V\VWHPLVGHYHORSHGE\D8.EDVHGFRPSDQ\(QHUJHWL[
*URXS ZLWK D VPDOOVFDOH SRZHU UDWLQJ UDQJH EHWZHHQ  N: DQG D IHZ0: >@ 6XFK SURGXFWV DUH
FXUUHQWO\DWWKHHDUO\VWDJHWREHUHFRJQLVHGE\PDUNHWDQGFRQVXPHUV7KHNH\IDFWRUIRUWKHVXFFHVVRI
WKHK\EULG&$% LV WKH DGDSWDWLRQRI WKHQHZO\GHYHORSHG VFUROO H[SDQGHU WHFKQRORJ\ZKLFK KDV OHG WR
KLJKH[SDQVLRQHIILFLHQF\>@$V WKHV\VWHPXVHVSUHSUHSDUHGFRPSUHVVHGDLU LWRQO\ IRFXVHGRQ
WKH H[SDQVLRQ SURFHVV ZLWKRXW FRQVLGHULQJ WKH FRPSUHVVLRQ SURFHVV 7KH K\EULG FRQQHFWLRQ WR
VXSHUFDSDFLWRUSDFNDOORZVWKHK\EULG&$%V\VWHPWRKDYHIDVWUHVSRQVHV7KXVWKHK\EULG&$%V\VWHP
LVDQHZFOHDQHQHUJ\ WHFKQRORJ\DSSHDUHG LQ WKHDSSOLFDWLRQDUHDVRI8QLQWHUUXSWDEOH3RZHU6XSSOLHV
836DQGEDFNXSSRZHUVXSSOLHV7KHILUPFODLPHG WKDW WKHGHVLJQKDVDQXPEHURIEHQHILWV VXFKDV
ORZ LQLWLDO LQYHVWPHQW DQG ORZ PDLQWHQDQFH FRVW FRPSDUHG WR FRQYHQWLRQDO 836VWDQGE\ FKHPLFDO
EDWWHULHV DQG RXWVWDQGLQJ SRZHU UHOLDELOLW\ >@ /DXQFKHG LQ $XJXVW  WKH &RRSHUDWLYH %DQN¶V
3\UDPLGEXLOGLQJEHFDPHWKHILUVWPDMRUGDWDFHQWUHLQWKHZRUOGWRXVHDQ(QHUJHWL[*URXSFRPSUHVVHG
DLUHOHFWULFLW\JHQHUDWLQJV\VWHP>@(QHUJHWL[*URXSILUPO\EHOLHYHVWKDW LWFDQEHDGLUHFWFRPSHWLWRU
IRUWUDGLWLRQDOHOHFWULFDOEDWWHU\DQGODUJHURWDU\IO\ZKHHOVROXWLRQV7KHK\EULG&$%IDFLOLWLHVKDYHEHHQ
DGRSWHGE\FRPSDQLHVLQFOXGLQJ8.1DWLRQDO*ULG7HOHFRP,WDOLD,WDO\(VNRP6RXWK$IULFD$7.
86DQG+DUULV86>@
&XUUHQW5HVHDUFKDQG'HYHORSPHQW
5:(3RZHU*HQHUDO(OHFWULF=EOLQDQG'/5DUHQRZZRUNLQJRQWKHZRUOGILUVW ODUJHVFDOH$$
&$(6GHPRQVWUDWLRQSURMHFWQDPHG$'(/(LQ*HUPDQ\6RPHFKDOOHQJLQJWHFKQLFDOGLIILFXOWLHVPXVW
EHRYHUFRPHLQLPSOHPHQWLQJWKLVODUJHVFDOH$$&$(6V\VWHP)RULQVWDQFHWKH$$&$(6UHTXLUHVWKH
GHVLJQ RI D KLJKSUHVVXUH DQG KLJKWHPSHUDWXUH FRPSUHVVRUZLWK FRQVLGHUDWLRQV RI WKHUPR VWUHVVHV DQG
WKHUPDOOLPLWDWLRQVIRUEHDULQJVDQGOXEULFDWLRQ>@7KH$'(/(SODQWZLOOFRPSUHVVDLUDWWKHSHULRGRI
WKH DYDLODEOH UHQHZDEOHV ±ZLQG SRZHU JHQHUDWLRQ H[FHHGLQJ GHPDQG SODFH WKH UHVXOWLQJ KHDW LQ DQ
LQWHULPKHDWVWRUDJHPHFKDQLVPDQGLQMHFWWKHFRPSUHVVHGDLULQWRFDYHUQV:KHQHOHFWULFLW\GHPDQGULVHV
WKHVWRUHGFRPSUHVVHGDLUFDQEHXVHGWRJHQHUDWHSRZHUWKURXJKDWXUELQHZKLOVWUHFRYHULQJWKHKHDW>@
7KXV WKH $'(/( SODQW FDQ VWRUH HOHFWULFDO HQHUJ\ FRPSOHWHO\ ZLWKRXW &2 HPLVVLRQV 7KH SODQW LV
SODQQHGWRKDYHDVWRUDJHFDSDFLW\RI0:KDQGDSRZHURXWSXWRI0:ZLWKWKHDLPRIF\FOH
HIILFLHQF\>@
7KH ,RZD6WRUHG(QHUJ\3DUNSURMHFWZDVSODQQHGE\ ,RZD$VVRFLDWLRQRI0XQLFLSDO8WLOLWLHV7KH
SURMHFW¶VLQWHQWLRQZDVWREXLOGD0:&$(6SODQWFRXSOHGZLWK0:WR0:RIZLQGFDSDFLW\
DQGZDVSODQQHG WREHRSHUDWLRQDO E\ > @7KHSODQWZDVGHVLJQHG WR WDNH VXUSOXV HOHFWULFDO
HQHUJ\ JHQHUDWHG E\ DZLQG IDUP DW QLJKW DQG XVH LW WR FRPSUHVV DLU LQWR D GHHS XQGHUJURXQG DTXLIHU
+RZHYHUWKHSURMHFWKDGWREHWHUPLQDWHGLQ>@$IWHU\HDUVRIVWXG\WKHLQYHVWRUVFRQFOXGHG
WKDW WKH SRURXV VDQGVWRQH DTXLIHUV LQ ,RZD DUH QRW VXLWDEOH IRU &$(6 WKH DLU VWRUHG LQ VXFK DTXLIHUV
FDQQRWSURYLGHDLUIORZIDVWHQRXJKWRVDWLVI\WKHUHTXLUHPHQWVWRIRUPDQHIIHFWLYH&$(6VLWH>@
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7KH8.EDVHG+LJKYLHZ3RZHU6WRUDJHGHVLJQHG DQG DVVHPEOHG WKH8.¶V ILUVW SLORW/$(6 IDFLOLW\
N:0:KZKLFKKDVEHHQRSHUDWHGDWD0:ELRPDVVSODQWVLQFH>@+LJKYLHZFODLP
WKDW WKLV WHFKQRORJ\ZLOOEHFDSDEOHRIVXSSO\LQJWHQVRUHYHQKXQGUHGVRI0:,Q)HEUXDU\ WKLV
ILUPZDVDZDUGHGPLOOLRQLQIXQGVIURPWKH8.JRYHUQPHQWIRUDQHZ0:0:KGHPRQVWUDWLRQ
/$(6SURMHFW WKHGHVLJQHG/$(6V\VWHPZLOOEHORFDWHGDORQJVLGHRQHODQGILOOJDVJHQHUDWLRQSODQW LQ
WKH8.>@
7KH1RUWRQ(QHUJ\6WRUDJHSURMHFWE\)LUVW(QHUJ\*HQHUDWLRQ&RUS)*&2ZDVDQQRXQFHGLQ
>@7KH LQWHQWLRQ LV WREXLOG7KH1RUWRQ(QHUJ\6WRUDJHSURMHFW LQVHYHUDOSKDVHV IURPDERXW
0:WRDWRWDOFDSDFLW\RIXSWR0:ZLWKDVWRUDJHSUHVVXUHUDQJHIURPEDUWREDU>@
,Q-XO\LWZDVUHSRUWHGWKDW)LUVW(QHUJ\&RUSKDVGHOD\HGEXLOGLQJWKHSURSRVHG&$(6SURMHFWGXH
WRFXUUHQWPDUNHWFRQGLWLRQVLQFOXGLQJORZSRZHUSULFHVDQGLQVXIILFLHQWGHPDQG>@
,Q  /XPLQDQW DQG 6KHOO:LQG (QHUJ\ SURSRVHG ZLQG IDUP SURMHFWV LQ 7H[DV >@ 7KH
GHPRQVWUDWLRQSODQWKDVSODQQHGEHXVHG WRVWXG\ WKHSRWHQWLDO WRJHQHUDWHEDVH ORDGSRZHUXVLQJZLQG
SRZHUFRPELQHGZLWK&$(6$IWHUD ORQJZDLW LQ WKHSURMHFWEHJDQDLPLQJ WRKRVW0:RI
&$(6XQGHUJURXQG>@
7KH86EDVHG/LJKW6DLO(QHUJ\/WG LV QRZGHYHORSLQJDQ$$&$(6 IDFLOLW\E\XVLQJD UHYHUVLEOH
HOHFWULF PRWRUJHQHUDWRU XQLW DQG D UHYHUVLEOH UHFLSURFDWLQJ SLVWRQ PDFKLQH >@ 7KH KHDW IURP
FRPSUHVVLRQLVFDSWXUHGE\WKHZDWHUVSUD\DQGWKHQVWRUHGGXULQJH[SDQVLRQWKHVWRUHGKHDWLVVSUD\HG
LQWRWKHFRPSUHVVHGDLU7KHFRPSDQ\FODLPHGWKDWKLJKWKHUPRG\QDPLFHIILFLHQFLHVZLWKRXWVDFULILFLQJ
SHUIRUPDQFHFDQEHDFKLHYHGEDVHGRQWKHLQLWLDOWHVWV>@
7KH &$(6 WHFKQRORJ\ LV DOVR DWWUDFWLQJ DWWHQWLRQ LQ WKH DFDGHPLF DUHD $ UHVHDUFK WHDP DW WKH
8QLYHUVLW\ RI :DUZLFN 8. DUH GHYHORSLQJ D QHZ K\EULG ZLQG WXUELQH V\VWHP WR LQWHJUDWH &$(6
WKURXJKDQLQQRYDWLYHPHFKDQLFDOSRZHUWUDQVPLVVLRQ>@7KHFRPELQDWLRQRIDVFUROOH[SDQGHUDQG
DQDOWHUQDWRULVXVHGWRVHUYHDVDQ³DLUHOHFWULFLW\WUDQVIRUPHU´ZKLFKZLOOJHQHUDWHHOHFWULFLW\GXULQJWKH
SHULRGRI ORZZLQGVSHHG7KHPDWKHPDWLFDOPRGHO IRU WKHZKROHK\EULGV\VWHPKDVEHHQGHVFULEHG LQ
UHFHQWSXEOLFDWLRQVDQGDPXOWLPRGHFRQWUROVWUDWHJ\IRUWKLVK\EULGV\VWHPZDVUHSRUWHG>@$WHVW
ULJ XQGHU FRQVWUXFWLRQ ZLOO EH XVHG WR YHULI\ WKH PRGHO ,Q DGGLWLRQ WKH G\QDPLF PRGHOOLQJ DQG WKH
FRQWUROGHVLJQRIDK\EULG((6V\VWHPEDVHGRQ&$(6DQGVXSHUFDSDFLWRUVKDGEHHQVWXGLHGLQ>@
7HFKQLFDODQG(FRQRPLF&KDUDFWHULVWLFVRI&$(6
7DEOH7HFKQLFDODQGHFRQRPLFFKDUDFWHULVWLFVRI&$(6UHOHYDQWWHFKQRORJLHV>@

7HFKQRORJ\ (QHUJ\GHQVLW\ 3RZHUGHQVLW\ 6SHFLILFHQHUJ\ 3RZHUUDWLQJ 5DWHGFDSDFLW\
/DUJH&$(6 :K/ :/ :KNJ 	0: 	0:K
VPDOO&$(6 :K/ :/ :KNJDWEDU 0: a0:K
/$(6 WLPHVWKDQ&$(6 ˉ :KNJ 0: 0:K
 6HOIGLVFKDUJH /LIHWLPH &\FOLQJWLPHV 'LVFKDUJHHII 5RXQGWULSHII
/DUJH&$(6 6PDOO \HDUV  a 
VPDOO&$(6 9HU\VPDOO \HDUV 7HVWHG a ˉ
/$(6 6PDOO \HDUV ˉ ˉ 
 6WRUDJHGXUDWLRQ 'LVFKDUJHWLPH 3RZHUFDSLWDOFRVW (QHUJ\FDSLWDOFRVW 2	0FRVW
/DUJH&$(6 +RXUVPRQWKV KRXUV aN: N:K N:K
VPDOO&$(6 +RXUVPRQWKV 8SWRaKRXU aN: N:K 9HU\ORZ
/$(6 ˉ KRXUV aN: N:K ˉ
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7DEOH  VXPPDUL]HV WKH LPSRUWDQW WHFKQLFDO DQG HFRQRPLF FKDUDFWHULVWLFV RI &$(6 UHOHYDQW
WHFKQRORJLHV$PRQJDOO WKH((6 WHFKQRORJLHV3+6DQG&$(6KDYH ORZHUGHQVLWLHV WKXV WKH\ UHTXLUH
ODUJH UHVHUYRLUV IRU ODUJH VFDOH DSSOLFDWLRQV 7KH UHVSRQVH WLPH WR ODUJHVFDOH &$(6 LV QRUPDOO\ XS WR
DURXQGPLQXWHV>@7KHURXQGWULSHIILFLHQF\DOVRQDPHGF\FOHHIILFLHQF\LVDQLPSRUWDQWLQGH[WR
((6 WHFKQRORJLHV 7KH URXQGWULS HIILFLHQF\ IRU ODUJHVFDOH &$(6 KDV LQFUHDVHG IURP  LQ 
aLQWRWKHH[SHFWHG$$&$(6$'(/(SURMHFWLQ>@
7ZR FDWHJRULHV RI FRPSUHVVRUV FDQ EH XVHG IRU &$(6 IDFLOLWLHV ZLWK GLIIHUHQW VFDOHV SRVLWLYH
GLVSODFHPHQW HJ UHFLSURFDWLQJ DQG G\QDPLF HJ D[LDO IORZ DQG FHQWULIXJDO 5HFLSURFDWLQJ
FRPSUHVVRUV DUHPRUH VXLWDEOH IRU VPDOOVFDOH &$(6 GXH WR LWV ORZ IORZ UDWH DQG KLJK SUHVVXUH UDWLR
'\QDPLF FRPSUHVVRUV DUH RIWHQ XVHG LQ VHULHV IRU ODUJHVFDOH&$(6 IDFLOLWLHV )RU LQVWDQFH WKHPXOWL
VWDJHFHQWULIXJDOFRPSUHVVRUKDVEHHQRSHUDWHGDW+XQWRUI>@
6LPLODU WR 3+6 WKH PDMRU EDUULHU WR LPSOHPHQW WKH XQGHUJURXQG &$(6 SODQW LV WKH DYDLODELOLW\ RI
DSSURSULDWHJHRJUDSKLFDOVWRUDJHORFDWLRQV6RIDULWLVSRVVLEOHWREXLOGD&$(6SODQWQHDUVDOWFDYHUQV
KDUG URFN DQG SRURXV URFN IRUPDWLRQV ,Q SUDFWLFH WKH PDWXUH H[SHULHQFH LQ FRQVWUXFWLQJ ODUJHVFDOH
VWRUDJHUHVHUYRLUVLVRQO\LQXVLQJPLQHGFDYLWLHVLQVDOWGRPHV
$SSOLFDWLRQ3RWHQWLDOVDQG&KDOOHQJHVZLWK)XWXUH'HYHORSPHQWRI&$(6
7DEOH$SSOLFDWLRQSRWHQWLDOVRI&$(6UHOHYDQWWHFKQRORJLHV>@

7DEOH  VXPPDUL]HV DQG SUHGLFWV WKH SRZHU V\VWHP DQG JULG DSSOLFDWLRQV RI &$(6 UHOHYDQW
WHFKQRORJLHV %DVHG RQ LWV FKDUDFWHULVWLFV &$(6 WHFKQRORJ\ FDQ EH XVHG IRU JULGVFDOH HQHUJ\
PDQDJHPHQWLQVXSSRUWLQJORDGVKLIWLQJSHDNVKDYLQJDQGORDGOHYHOOLQJ6PDOOVFDOH&$(6FDQEHXVHG
$SSOLFDWLRQDUHD &KDUDFWHULVWLFVIRUDSSOLFDWLRQV 6XLWDEOHRUSRWHQWLDO&$(6UHODWHGWHFKQRORJ\
3RZHUTXDOLW\

a0:UHVSRQVHWLPHaPLOOLVHFRQGV
GLVFKDUJHGXUDWLRQPLOOLVHFRQGVWRVHFRQGV
+\EULGV\VWHPVZLWKVPDOOVFDOH&$(6DQGRWKHU
((6WHFKQRORJLHVZLWKIDVWUHVSRQVH
(QHUJ\
PDQDJHPHQW
0XOWLVFDOHUHVSRQVHWLPHPLQXWHVGLVFKDUJH
GXUDWLRQXSWRGD\V
0XOWLVFDOH&$(6DQG/$(6
5HQHZDEOHEDFN
XSSRZHU
aN:0:UHVSRQVHWLPHXSWRDIHZ
PLQXWHVGLVFKDUJHGXUDWLRQXSWRGD\V
&$(6K\EULGV\VWHPVZLWK&$(6DQGRWKHUVZLWK
IDVWUHVSRQVHPD\QHHGSRVVLEOH/$(6
7LPHVKLIWLQJ

a0:0:DQGHYHQPRUHUHVSRQVHWLPH
PLQXWHVGLVFKDUJHGXUDWLRQaKRXUV
0XOWLVFDOH&$(6DQG/$(6

3HDNVKDYLQJ

aN:0:DQGHYHQPRUHUHVSRQVHWLPH
PLQXWHVGLVFKDUJHGXUDWLRQaKRXUV
0XOWLVFDOH&$(6DQG/$(6

/RDGOHYHOOLQJ

XSWRVHYHUDOKXQGUHGVRI0:UHVSRQVHWLPH
PLQXWHVGLVFKDUJHGXUDWLRQXSWRaKRXUV
0XOWLVFDOH&$(6SRVVLEOH/$(6

6HDVRQDOHQHUJ\
VWRUDJH
a0:WR0:GLVFKDUJHGXUDWLRQZHHNV
UHVSRQVHWLPHPLQXWHV
3RVVLEOHODUJHVFDOH&$(6DQG/$(6
%ODFNVWDUW

8SWRa0:UHVSRQVHWLPHaPLQXWHV
GLVFKDUJHGXUDWLRQVHFRQGVWRKRXUV
0XOWLVFDOH&$(6SRVVLEOH/$(6
6SLQQLQJUHVHUYH

8SWR0:UHVSRQVHWLPHXSWRDIHZVHFRQGV
GLVFKDUJHGXUDWLRQPLQXWHVWRDIHZKRXUV
3RVVLEOHWKHK\EULGV\VWHPZLWKVPDOOVFDOH&$(6
DQGRWKHU((6WHFKQRORJLHVZLWKIDVWUHVSRQVH
8QLQWHUUXSWLEOH
SRZHUVXSSO\
8SWRa0:UHVSRQVHWLPHQRUPDOO\XSWR
VHFRQGVGLVFKDUJHGXUDWLRQXSWRaKRXUV
K\EULGV\VWHPZLWKVPDOOVFDOH&$(6DQGRWKHU
((6WHFKQRORJLHVZLWKIDVWUHVSRQVH
7UDQVPLVVLRQ
XSJUDGHGHIHUUDO
a0:UHVSRQVHWLPHaPLQXWHVVWRUDJH
WLPHDWUDWHGFDSDFLW\KRXUV
3URPLVLQJPXOWLVFDOH&$(6DQG/$(6
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DVDQDOWHUQDWLYHWRUHSODFHWUDGLWLRQDOFKHPLFDOEDWWHULHVDQGPHFKDQLFDOIO\ZKHHOVLQEDFNXSSRZHUDQG
836DSSOLFDWLRQV$OVRZLWKWKHIHDWXUHVRIPRGHUDWHUHVSRQVHVDQGJRRGSDUWLDOORDGRSHUDWLRQV&$(6
RIIHUV VWURQJ SRWHQWLDO IRU LQWHJUDWLRQ ZLWK LQWHUPLWWHQW UHQHZDEOH HQHUJ\ SRZHU JHQHUDWLRQ WR SURYLGH
EDFNXSSRZHU7KLVSRVVLELOLW\LVEHLQJFRQVLGHUHGWRLQWHJUDWHWKH&$(6IDFLOLWLHVZLWKZLQGIDUPVVXFK
DVWKHGHYHORSLQJ$'(/($$&$(6SURMHFWLQ*HUPDQ\
$5RDGPDSIRU&$(6GHYHORSPHQWLQ(XURSHZDVUHFHQWO\FRPSOHWHGZLWKWKHHIIRUWIURP(XURSHDQ
$VVRFLDWLRQ IRU6WRUDJHRI(QHUJ\ ($6( DQG(XURSHDQ(QHUJ\5HVHDUFK$OOLDQFH ((5$ >@7KH
LPSRUWDQFHRIGHYHORSPHQWRI&$(6LVZHOOUHFRJQLVHGLQWKHUHVHDUFKFRPPXQLW\DQGLQGXVWULDOVHFWRUV
+RZHYHUWKHFKDOOHQJHVDVVRFLDWHGZLWKWKHIXWXUHGHYHORSPHQWRI&$(6QHHGVWREHRYHUFRPHZKLFK
LQFOXGH WHFKQRORJ\ LQQRYDWLRQ LQ DLU FRPSUHVVRUV DQG H[SDQGHUV XUJHQW QHHG IRU FRRSHUDWLRQ RI
HQJLQHHUV DQG VFLHQWLVWV LQ GLIIHUHQW ILHOGV IXUWKHU VXEVWDQWLDO LPSURYHPHQW LQ HIILFLHQF\ QHHG IRU
UHGXFWLRQLQFRVWRIFRQVWUXFWLQJDLUUHVHUYRLUVDQGWKHVWXG\RIWKHSRWHQWLDOHQYLURQPHQWDOLPSDFW
6XPPDU\
7KH SDSHU SURYLGHV DQ RYHUYLHZ RI WKH FXUUHQW GHYHORSPHQW RI &$(6 WHFKQRORJ\ ,W LV IRXQG WKDW
VPDOOVFDOH &$(6 V\VWHPV FDQ RIIHU D FRPELQDWLRQ RI JRRG SHUIRUPDQFH ORQJ OLIHWLPH ORZ QHW
HQYLURQPHQWDO LPSDFWDQGUHDVRQDEOHFRVWFRPSDUHG WR UHFKDUJHDEOHEDWWHULHV$OVR WRDFHUWDLQH[WHQW
WKHFRVWVDQGSHUIRUPDQFHGHSHQGRQWKHVFDOHVRI&$(67KHUHDUHKXJHDSSOLFDWLRQSRWHQWLDOVIRU&$(6
LQVWUHQJWKHQLQJWKHHOHFWULFSRZHUV\VWHPUHOLDELOLW\DQGJULGRSHUDWLRQVKRZHYHU WKHUHDUHFKDOOHQJHV
DQGEDUULHUVSUHVHQWIRUWKHIXUWKHUGHSOR\PHQW)XQGLQJVXSSRUWDQGMRLQWHIIRUWIURPUHOHYDQWVHFWRUVDUH
UHTXLUHG WR VSHHGXS WKH WHFKQRORJ\ LQQRYDWLRQDQGEUHDNWKURXJKV WRGHPRQVWUDWH WKH UROHRI&$(6 LQ
VXSSRUWLQJSRZHUV\VWHPDQGJULGRSHUDWLRQV
$FNQRZOHGJHPHQWV
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